Introduction
============

Infantile hemangiomas are mostly superficial and often exist in the infant patient\'s skin and subcutaneous tissues. If the infant patient has ulcers and recurrent hemorrhage, scar and functional damage, it can increase the difficulty of the treatment of infantile hemangiomas and endanger the health and safety of the infant patient ([@b1-ol-0-0-9493]). At present, clinical treatment methods of infantile hemangiomas are mainly steroid drugs, laser, surgery, interferon, bleomycin and vincristine. The systematic application of steroid drugs is a first-line method in the clinical treatment of hemangiomas, and it can effectively control the progress of the disease. However, the long-term application is prone to irritability, Cushing\'s syndrome, immune dysfunction, retarded growth and other side-effects. Moreover, the clinical curative effects of steroid drugs are controversial in clinical medicine ([@b2-ol-0-0-9493],[@b3-ol-0-0-9493]). As a non-selective β-receptor blocker, propranolol can effectively slow down or control the proliferation of hemangiomas and accelerate the regression of hemangiomas. However, its mechanism for the treatment of hemangiomas is not yet completely clear and needs further study ([@b4-ol-0-0-9493]). Laser, as a commonly used method for clinical treatment of hemangiomas, has remarkable clinical effects. Laser therapy for minor hemangiomas can obtain satisfactory results. Based on the above, propranolol combined with laser was adopted in the treatment of infantile hemangiomas and the application value was analyzed in this study, so as to improve the short-term curative effect and safety of the treatment of infantile hemangiomas.

Materials and methods
=====================

Patients
--------

### Inclusion criteria ([@b5-ol-0-0-9493],[@b6-ol-0-0-9493])

i\) All the selected patients were clinically diagnosed with infantile hemangiomas and all of them were single hemangiomas. ⅱ) Patients without drug allergy history or allergic constitution. ⅲ) Patients who had not received special treatment prior to the study, such as freezing, hormone, injection of sclerosing agent and nuclide application. ⅳ) Patients with no neurological diseases, blood system diseases and other benign and malignant tumors. ⅴ) The present study was approved by the Ethics Committee of the Affiliated Hospital of Jining Medical University (Jining, China); and ⅵ) The parents of the infant patients were informed of the study and signed the informed consent.

### Exclusion criteria ([@b7-ol-0-0-9493])

i\) Patients with light allergy. ⅱ) Patients with cicatricial diathesis. ⅲ) Patients with bleeding or coagulation disorders. ⅳ) Patients with vascular malformations, visceral hemangiomas, thrombocytopenic purpura and other related syndromes. ⅴ) Involuntary participants; and ⅵ) Those with low treatment cooperation.

### General data

A total of 100 cases of infantile hemangiomas admitted to the Affiliated Hospital of Jining Medical University from October 2014 to June 2016 were selected into this study, and all of them met the inclusion criteria. According to the random number table method, they were divided into the control and observation groups, with 50 cases in each group. There were 22 males and 28 females in the control group, at the age of 1--7 months, with an average age of 3.6±1.2 months, including 19 cases of superficial hemangiomas, 31 cases of mixed hemangiomas. There were 20 males and 30 females in the observation group, at the age of 1--6 months, with an average age of 3.4±1.5 months, including 21 cases of superficial hemangiomas and 29 cases of mixed hemangiomas. There were no statistically significant differences in basic data between the two groups of infant patients, and the data were comparable (p\>0.05).

### Methods

The infant patients in the observation group were treated with propranolol combined with laser, while the infant patients in the control group were treated with laser alone (laser method was the same as that in the observation group). The two groups of infant patients were followed up for 3--6 months.

### Propranolol

Before treatment, the infant patients underwent related auxiliary examinations such as blood routine, electrolytes, chest radiograph, liver and kidney function, cardiac enzymes, electrocardiogram and B-ultrasound of tumor location, and computed tomography angiography (CTA) and magnetic resonance angiography (MRA) were performed if necessary. The infant patients with normal blood routine, electrolytes, chest radiograph, liver and kidney function, cardiac enzymes and electrocardiogram were guided and helped to take propranolol (NMPN H61020344; Shaanxi Yongshou Pharmaceutical Co., Ltd., Shaanxi, China) orally, at 1.0 mg/(kg·d) divided into 3 doses on the first day. The infant patients were observed, and if no special discomfort occurred, propranolol was given at 1.5 mg/(kg·d) divided into 3 doses on the second day. The infant patients were observed, and if no special discomfort occurred, propranolol was given at 2.0 mg/(kg·d) divided into 3 doses on the third day. The infant patients\' vital signs were monitored closely during treatment, and the normal group continued to take the dose according to the dose of the third day. The infant patients were given blood routine, electrolytes, liver and kidney function, cardiac enzymes and electrocardiogram reexamination every 2--3 weeks during initial medication time. If there was no abnormal occurrence after oral medication for 2 months, the reexamination interval was changed to 1 month. B-ultrasound reexamination of tumor location was conducted if necessary.

### Laser

The long-pulse 1,064 nm Nd:YAG laser was used for the therapy, with light spot of 9 mm, by the application of contact synchronous cooling technology. The laser parameters were set as follows: the pulse width was 12 msec, single pulse, and the energy density was 40--70 J/cm^2^. The low energy density was used in the first treatment of the infant patients, and the energy density was gradually increased according to the changes of the lesions in the infant patients, so as to ensure that the overlap of each spot was \<10%. The endpoint of treatment was as follows: the local temperature of the tumor was slightly increased; the volume of the tumor was slightly increased or decreased; the original skin color (red) of the tumor was darkened or shallower, and the texture of the tumor became soft. After treatment, the infant patients were treated with intermittent cold compress with soft ice bags, 20 min each time, with continuous ice compress for 3 days. The next treatment was performed every 3 weeks until the skin lesions subsided. If there was obvious edema in the treatment site of the infant patients, appropriate amount of prednisone could be given for 3--5 days.

### Observation indexes

The healing time, the number of times of laser therapy, the short-term curative effect, the changes in serum inflammatory factors before and after treatment and the incidence of adverse reactions were observed and analyzed between the two groups of infant patients. i) Short-term curative effect: the curative effects were evaluated according to the grading standards formulated by a previous report ([@b8-ol-0-0-9493]) as follows: cured: the tumor body in the infant patients was decreased by ≥76.0% after treatment. Markedly effective: the tumor body in the infant patients was decreased by 51.0--75.0% after treatment. Effective: the tumor body in the infant patients was decreased by 26.0--50.0% after treatment. Ineffective: the tumor body in the infant patients was decreased by \<25.0% after treatment. ⅱ) Serum inflammatory factors ([@b9-ol-0-0-9493]): including interleukin (IL)-2, IL-6 and IL-10. In the two groups of infant patients, 3 ml elbow blood was extracted in fasting state before and after treatment, and centrifuged at 1,750 × g for 15 min at 4°C. The serum was separated and the supernatant was collected. Serum inflammatory factors were detected by enzyme-linked immunosorbent assay. ⅲ) Adverse reactions ([@b10-ol-0-0-9493]): including ulcers, decreased heart rate, decreased appetite, mild high potassium, nausea and vomiting.

### Statistical analysis

Statistical Product and Service Solutions (SPSS) 20.0 statistical software (IBM Corp., Armonk, NY, USA) was adopted for data analysis. The enumeration data were expressed as percentages and cases, and χ^2^ test was used for comparisons between the groups. The measurement data are expressed as (means±SD), and t-test was used for comparisons between the groups. P\<0.05 indicates that the difference was statistically significant.

Results
=======

### Healing time and the number of times of laser therapy

The healing time and the times of laser therapy of the infant patients in the observation group were less than those of the infant patients in the control group, and the differences were statistically significant (p\<0.05) ([Table I](#tI-ol-0-0-9493){ref-type="table"}).

### Short-term curative effect

The short-term curative effect of the observation group \[98.00% (49/50)\] was higher than that in the control group \[82.00% (41/50)\], and the difference was statistically significant (p\<0.05) ([Table II](#tII-ol-0-0-9493){ref-type="table"}, [Fig. 1](#f1-ol-0-0-9493){ref-type="fig"}).

### Serum inflammatory factors

The levels of serum inflammatory factors IL-2, IL-6 and IL-10 in the two groups of infant patients after treatment were lower than those before treatment, and they were lower in the observation group than those in the control group, and the differences were statistically significant (p\<0.05) ([Table III](#tIII-ol-0-0-9493){ref-type="table"}).

### Adverse reactions

There was no statistically significant difference in the incidence of adverse reactions between the two groups of infant patients (p\>0.05) ([Table IV](#tIV-ol-0-0-9493){ref-type="table"}).

Discussion
==========

Infantile hemangiomas are common benign tumors in infants and children. Under normal circumstances, it does not exist when the infant is born. Most of infantile hemangiomas grow fast within 3--12 months and disappear spontaneously after 3--7 years. The incidence rate is 10--12% in the newborns and \>20% in the underweight premature infants, mostly in female infants ([@b11-ol-0-0-9493],[@b12-ol-0-0-9493]). It has been found that hemangiomas easily affect the esthetics of the body, and can cause ulcers and other related reactions, even the risk of death in serious cases. Currently, propranolol and laser are important methods for the clinical treatment of infantile hemangiomas, and they can effectively control the progression of the disease and reduce the risk of adverse reactions. However, the specific mechanisms for treatment are not yet completely clear and remain to be further studied ([@b13-ol-0-0-9493]).

Propranolol, as a commonly used non-selective β-receptor blocker, is commonly used in the treatment of hypertension and supraventricular tachycardia, hyperthyroidism, angina pectoris and other cardiovascular diseases ([@b14-ol-0-0-9493]). The peak plasma concentration can be reached in patient at 1--3 h after oral administration, and its half-life is approximately 3.0--6.0 h. The relevant mechanisms are mainly that it can promote vasoconstriction, inhibit angiogenesis and induce apoptosis of related endothelial cells ([@b15-ol-0-0-9493]). At the same time, propranolol can reduce the release of nitric oxide to contract peripheral blood vessels at the early stage of treatment. With the prolongation of treatment, Raf mitogen is gradually downregulated, and protein kinase pathway is activated, and the expression of basic fibroblast growth factor (bFGF) and vascular endothelial growth factor (VEGF) is decreased, and the hemangiomas further subside. Moreover, by antagonizing the glut receptor, or acting on other related unknown pathways, propranolol can accelerate the apoptosis of vascular endothelial cells, thereby promoting the regression of the tumor ([@b16-ol-0-0-9493],[@b17-ol-0-0-9493]).

Laser is a commonly used method for clinical treatment of hemangiomas, mainly based on the selective photothermolysis in the treatment of vascular diseases. Hemangioma endothelial cells are the targets, and oxyhemoglobin and deoxyhemoglobin are the color bases, both of which have many absorption peaks ([@b8-ol-0-0-9493]). A study has shown that the pulsed dye laser wavelengths are 585 and 595 nm, which are close to oxyhemoglobin absorption peak. They can induce specific thermal damage to the abnormal dilated blood vessels, cause no damage to the adjacent skin tissues, and can further promote the regression of hemangiomas. However, the penetration depth is shallow at 1--2 mm and the epidermal melanin is absorbed completely, combined with the impact of purpura, all of which can limit the application of pulsed dye laser in the treatment of some hemangiomas with deeper location and thicker tumor body ([@b18-ol-0-0-9493]). The wavelength of 1,064 nm is at another absorption peak with a deeper penetrating power and has no significant effect on the epidermal melanin barrier. Therefore, the long-pulse 1,064 nm Nd:YAG laser therapy has a better curative effect in the treatment of hemangiomas with a certain depth and thickness, and has no side-effects such as purpura, and the side-effect of epidermis is smaller ([@b19-ol-0-0-9493]). Therefore, propranolol combined with laser in the treatment of hemangiomas can effectively improve the curative effects. The results in this study showed that, after treatment, the healing time and the number of times of laser therapy of the infant patients in the observation group were less than those in the control group. The short-term curative effect was higher than that in the control group. The levels of inflammatory factors were lower than those in the control group. However, there was no significant difference in the incidence of adverse reactions between the two groups of infant patients. The results suggested that propranolol combined with laser in the treatment of infantile hemangiomas has remarkable curative effects and high safety, and it can effectively shorten the healing time, reduce the number of times of laser therapy and the expression of inflammatory factors, and promote the rehabilitation of infant patients. However, the sample size in this study was small. Consequently, the observation time was short, and the long-term curative effect and safety of the infant patients were not analyzed. At the same time, random grouping may result in a certain bias on the results. In-depth study should be carried out in the future by increasing the sample size.

In summary, the application of propranolol combined with laser in the treatment of infantile hemangiomas has remarkable short-term curative effects, high safety and fewer side-effects. It can effectively reduce the levels of inflammatory factors, accelerate the regression of hemangiomas, shorten the healing time of the infant patients, reduce the number of times of laser therapy, and promote the rehabilitation of the infant patients. Therefore, it is worthy of clinical promotion.
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###### 

Comparisons of the healing time and the times of laser therapy between the two groups of infant patients (means±SD).

  Groups               Healing time (month)   Times of laser therapy (times)
  -------------------- ---------------------- --------------------------------
  Control (n=50)       12.6±4.7               7.4±1.2
  Observation (n=50)     8.7±2.5              6.9±0.8
  t-test               5.180                  2.452
  P-value              \<0.05                 \<0.05

###### 

Comparison of the short-term curative effect of the two groups of infant patients (n, %).

  Groups               Cured        Markedly effective   Effective    Ineffective   Total effective rate
  -------------------- ------------ -------------------- ------------ ------------- ----------------------
  Control (n=50)         9 (18.0)   21 (42.0)            11 (22.0)    9 (18.0)      41 (82.0)
  Observation (n=50)   15 (30.0)    26 (52.0)              8 (16.0)   1 (2.0)       49 (98.0)
  χ^2^                 --           --                   --           --            7.111
  P-value              --           --                   --           --            \<0.05

###### 

Changes in levels of serum inflammatory factors before and after treatment in the two groups of infant patients (means±SD).

  Groups               Control (n=50)   Observation (n=50)   t-test   P-value
  -------------------- ---------------- -------------------- -------- ---------
  IL-2/β-actin                                                        
    Before treatment   0.89±0.17        0.91±0.14            0.642    \>0.05
    After treatment    0.63±0.21        0.36±0.08            16.875   \<0.05
    t-test             6.805            24.119                        
    P-value            \<0.05           \<0.05                        
  IL-6/β-actin                                                        
    Before treatment   0.55±0.11        0.56±0.08            0.520    \>0.05
    After treatment    0.39±0.07        0.25±0.05            11.508   \<0.05
    t-test             8.677            23.23                         
    P-value            \<0.05           \<0.05                        
  IL-10/β-actin                                                       
    Before treatment   0.77±0.24        0.79±0.16            0.490    \>0.05
    After treatment    0.56±0.12        0.40±0.09            7.543    \<0.05
    t-test             5.534            15.022                        
    P-value            \<0.05           \<0.05                        

IL, interleukin.

###### 

Comparison of the incidence of adverse reactions between the two groups of infant patients (n, %).

  Groups               Ulcer     Decreased heart rate   Decreased appetite   Mild high potassium   Nausea and vomiting   Total incidence
  -------------------- --------- ---------------------- -------------------- --------------------- --------------------- -----------------
  Control (n=50)       1 (2.0)   2 (4.0)                1 (2.0)              0 (0.0)               0 (0.0)               4 (8.0)
  Observation (n=50)   1 (2.0)   2 (4.0)                2 (4.0)              0 (0.0)               0 (0.0)                 5 (10.0)
  χ^2^                 --        --                     --                   --                    --                    --
  P-value              --        --                     --                   --                    --                    \>0.05
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